To detect prion protein, brains from 5 cattle naturally affected with bovine spongiform encephalopathy (BSE) and 3 sheep naturally affected with scrapie were examined and compared with brains of normal cattle and sheep using a histoblot technique. The technique enabled the in situ distinctive detection of the cellular (PrP C ) and abnormal (PrP Sc ) isoforms of the prion protein. In BSE-or scrapie-affected brains, the PrP C signal decreased, especially in those areas where the PrP Sc signal was detected.
Abstract. To detect prion protein, brains from 5 cattle naturally affected with bovine spongiform encephalopathy (BSE) and 3 sheep naturally affected with scrapie were examined and compared with brains of normal cattle and sheep using a histoblot technique. The technique enabled the in situ distinctive detection of the cellular (PrP C ) and abnormal (PrP Sc ) isoforms of the prion protein. In BSE-or scrapie-affected brains, the PrP C signal decreased, especially in those areas where the PrP Sc signal was detected.
In prion diseases, an abnormal isoform of the prion protein (PrP Sc ), which is generated by a posttranslational modification of the cellular protein (PrP C ), accumulates in the brains of affected animals. 3 The detection of PrP Sc is essential for the diagnosis of prion diseases, and immunohistochemistry (IHC) and Western blotting (WB) are conventionally used for this purpose. IHC can be used for topographic examination of PrP Sc in the brain tissues, but it is unable to distinguish between PrP C and PrP Sc . WB however can be used for subquantitative analysis of PrP C and PrP Sc , but it cannot be used to topographically examine both forms of the prion protein.
Recently, a histoblot technique was used for the in situ distinctive detection of PrP C and PrP Sc in brain tissues of mice and hamsters experimentally infected with scrapie. In that study, the PrP C signal was diminished in certain regions, specifically regions where the PrP Sc signal was detected. 6 In the present study, the histoblot technique was applied to detect and distinguish between prion proteins in brains of cattle affected with bovine spongiform encephalopathy (BSE) and sheep affected with scrapie to evaluate the technique for use in animals with naturally acquired disease.
The brains were removed from 5 cattle clinically suspected of having BSE and from 3 sheep clinically suspected of having scrapie. All of these animals had been raised in the United Kingdom. For normal controls, brains were collected from 2 healthy cattle and 2 healthy sheep that had been raised in Japan. At necropsy, a block of medulla oblongata at the level of the obex or the spinomedullary transition was collected from each brain. The blocks were cut into cranial and caudal halves. The caudal halves were immediately frozen in liquid nitrogen and stored at Ϫ80 C until application of the histoblot technique. The cranial halves were fixed in 10% buffered formalin, dehydrated in alcohol, and embedded in paraffin. Sec-From the National Institute of Animal Health, Kan-non-dai, Tsukuba, Ibaraki, 305-0856 Japan (Kimura, Yokoyama, Haritani), the Shichinohe Research Unit, National Institute of Animal Health, Shichinohe, Kamikita, Aomori, 039-2586 Japan (Narita), and the Veterinary Laboratory Agency, Woodham Lane, New Haw, Addlestone, Surrey, KT15 3NB, UK (Belleby, Smith, Spencer).
Received for publication May 21, 2001. tions 4 m thick were stained with hematoxylin and eosin (HE) and by immunohistochemistry. Histologically, all of the clinically suspect cattle and sheep were diagnosed as having BSE or scrapie, respectively, because each animal had spongiform changes in gray matter and reticular formation (Fig. 1a ). The healthy (control) animals had no significant lesions. Immunohistochemical confirmation of the disease was carried out on bovine tissues with an anti-prion monoclonal antibody (DF7 a ) as the primary antibody and an avidin-biotin complex immunostaining kit b for amplification. Before application of the primary antibody, sections were pretreated in formic acid for 20 minutes followed by hydrated autoclave treatment at 121 C for 30 minutes to enhance PrP immunoreactivity. 5 In sections from BSE-suspect cattle, granular depositions of PrP were observed in the spongiform lesions ( Fig. 1b) . No immunolabeling was seen in the sections from healthy cattle.
The histoblot was prepared as previously described. 4 Three 8-m-thick cryosections from each block were transferred to nitrocellulose membranes that had been dampened with lysis buffer (0.5% NP-40, 0.5% sodium deoxycholate, 100 mM NaCl, 10 mM ethylenediaminetetraacetic acid [EDTA], 10 mM Tris HCl pH 7.8). The membranes were thoroughly air dried, rehydrated for 1 hour in 0.5% Tween 20 with phosphate-buffered saline (PBST), and treated as follows: 1) no treatment, 2) digestion with 10 g/ml proteinase K for bovine samples and 100 g/ml proteinase K for ovine samples in digest buffer (100 mM NaCl, 10 mM EDTA, 10 mM Tris HCl pH 7.8) for 60 minutes, or 3) digestion with proteinase K followed by hydrated autoclave pretreatment (121 C, 30 minutes). The membranes were then treated in PBST containing 5% nonfat dry milk for blocking. After being washed with PBST, the membranes were incubated in pan-PrP-specific antibody (Ab.Tg) 6 at a dilution of 1:5,000 for 1 hour at 37 C. Binding was detected by a second incubation with peroxidase-conjugated goat anti-mouse IgG antibody for 1 hour at 37 C, and the reaction was developed with a chemiluminescence detection kit. c When the membranes were treated with neither proteinase K nor hydrated autoclaving, a diffuse signal was observed in the areas of the tissues from both BSE-affected and normal The signal for BSE-affected cattle, however, was much weaker than that for normal cattle, especially in the gray matter (left). When the membranes were treated with proteinase K, no signal was seen in either BSE-affected or normal cattle (center). When the membranes were treated with proteinase K followed by hydrated autoclaving, the PrP Sc signal was detected in gray matter tissues from BSE-affected cattle but not in those from normal cattle. The signal was strongest in substantia gelatinosa (right). Bar ϭ 1 cm. cattle (Fig. 2, left) . The signal for BSE-affected cattle, however, was much weaker than that of normal cattle, especially in the gray matter. When the membranes were treated with both proteinase K and hydrated autoclaving, the signal was detected in tissue of gray matter only from BSE-affected cattle, not from normal cattle (Fig. 2, right) . The signal was strongest in the substantia gelatinosa. When the membrane was treated with proteinase K only, no signal was seen from either BSE-affected or normal cattle (Fig. 2, center) . These results indicate that signals on the membrane without either treatment preferentially represent PrP C , as previously described using brains of mice experimentally infected with scrapie. 6 However, PrP Sc can be exclusively detected on the membrane when both proteinase K and hydrated autoclave treatments are used. Furthermore, the distribution of PrP Sc in the histoblot technique completely coincided with histopathologic changes. The PrP C signal diminished in BSE-affected samples, and the PrP Sc signal was clearest in certain areas where the PrP C signal became weakest.
There were similar findings in membranes on which tissues of scrapie-affected and normal sheep were blotted (Fig. 3) .
The PrP Sc signal in sheep samples, however, was stronger than that in BSE-affected cattle samples, despite the fact that the sheep samples had been treated with stronger proteinase K.
Histoblotting was used for the in situ detection of both PrP C and PrP Sc in brains of BSE-affected cattle and scrapieaffected sheep. The results might have been predicted from the previous study in which the histoblot technique was used to locate PrP C and PrP Sc in brains of hamsters experimentally infected with scrapie. WB is not applicable for such in situ detection of both forms of the protein. Although a few investigators reported detection of PrP C in tissues of normal animals using a sensitive IHC technique, 1,2 that method cannot be used to distinguish PrP C from PrP Sc without antibodies highly specific to each form of the protein. The histoblot technique also has other merits. The histoblot can be used for tissue damaged by autolysis, and it is easy and quick (Ͻ24 hours) to perform. Thus, the histoblot can be used not only for diagnosis but also for analysis of PrP C and PrP Sc kinetics in tissues of animals affected with prion diseases.
PrP C decreased in brains of hamsters inoculated with a scrapie agent as the illness progressed, and this phenomenon coincided with PrP Sc accumulation. 6 The functional loss of PrP C has been suggested to underlie the pathogenesis of prion diseases. 6 Although sequential observation of the kinetics of PrP C and PrP Sc was not possible in the present study, the PrP C signal decreased in certain areas, i.e., those where the PrP Sc signal was detected, in BSE-and scrapie-affected brains. These observa- Figure 3 . Histoblot analysis of medulla oblongata at the level of the spinomedullary transition from normal sheep and sheep affected with scrapie. With neither proteinase K nor autoclave treatment, the PrP c signal was diffuse. The signal for scrapie-affected sheep, however, was much weaker than that for normal sheep, especially in the gray matter (left). When the membranes were treated with proteinase K, no signal was seen in either scrapie-affected or normal sheep (center). When the membranes were treated with proteinase K followed by hydrated autoclaving, the PrP Sc signal was detected in gray matter tissues from scrapie-affected sheep but not in those from normal sheep (right). Bar ϭ 1 cm. tions support the contention that the loss of PrP C function may relate to the pathogenesis of prion diseases.
